Abstract. The aim of this study was to investigate the expression of FGF2 and FGFR2 in patients with idiopathic pulmonary fibrosis (IPF) and lung cancer (LC) as well as their clinical significance. Reverse transcription-quantitative PCR (RT-qPCR) and western blotting were used to detect FGF2 and FGFR2 expression in LC and adjacent normal tissues of LC patients and lavage fluid of idiopathic pulmonary fibers patients and normal controls (confirmed by bronchoalveolar lavage examination). The expression levels of FGF2 mRNA and protein in the non-small cell LC tissues were significantly higher than those in the adjacent normal tissues (P<0.001). The expression level of FGF2 protein in lavage fluid of patients with IPF was higher than that of the control group (P<0.001). The expression level of FGFR2 mRNA in the non-small cell LC tissues was significantly higher than that in the adjacent normal tissues (P<0.001). The expression level of FGFR2 protein in the non-small cell LC tissues was higher than that in the adja-LC tissues was higher than that in the adjatissues was higher than that in the adjacent normal lung tissues (P<0.001). The expression levels of FGF2 mRNA and FGFR2 mRNA in cancer tissues were not significantly correlated with age, sex and history of smoking (P>0.05), but were significantly correlated with lymph node metastasis, tumor differentiation and TNM staging. FGF2 and FGFR2 proteins were highly expressed in cancer tissues of LC patients and lavage fluid of patients with IPF. The expression of FGF2 mRNA and FGFR2 mRNA was correlated with lymph node metastasis and TNM stage. The high expression levels of FGF2 mRNA and FGFR2 mRNA were associated with tumor metastasis and poor prognosis of LC patients.
Introduction
Cancer is one of the most important public health problems faced by human beings all over the world, and lung cancer (LC) is one of the most common cancers with the highest mortality rate among all malignant tumors (1) . Approximately 2 million patients in developing countries die each year due to LC, and incidence and mortality of LC showed an increasing trend in recent years, and the onset age is becoming increasingly younger (2, 3) . LC mainly affects patients between 60-70 years, and the incidence is higher in men than in women. Surgical treatment is the main treatment for patients with LC, while most patients are diagnosed at advanced stages and chemotherapy and targeted drug therapy for those patients failed to significantly improve the 5-year survival rate, leading to poor prognosis (4) . Therefore, early diagnosis and treatment is critical for the survival of patients with LC.
Idiopathic pulmonary fibrosis (IPF) is a characteristic pathological change from common interstitial pneumonia to chronic inflammatory interstitial lung disease. The main manifestations of IPF include pulmonary fibrosis and diffuse alveolitis. Fibrosis of lung tissue leads to increase in hardness of the lung tissue and decrease in compliance (5, 6) . The median survival time of IPF patients after diagnosis is as short as 2-3 years, and 5-year survival rate is only 20%, seriously influencing the patient's life. Current diagnostic methods for IPF are mainly based on pulmonary imaging examinations and clinical features, but these methods do not provide information for the prognosis of those patients during treatment (7) .
In recent years, studies have shown that FGFs and FGFRs form the FGFR pathway. Studies have shown that the FGFR pathway participates in the body's growth and development, wound healing, tumor formation, fibrosis and inflammatory reactions (8) . Therefore, we detected the expression of FGF2 and FGFR2 in LC and IPF. Our findings provide new insights into the diagnosis and treatment of LC and IPF. 
Patients and methods

Clinical
Detection method Reverse transcription-quantitative PCR (RT-qPCR).
Tissues were ground in liquid nitrogen and total RNA was extracted using TRIzol reagent (Shanghai Pufei Biotechnology, Co., Ltd., Shanghai, China). RNA quality was tested by an ultraviolet spectrophotometer (Hitachi, Tokyo, Japan), and only RNA samples with a 260/280 ratio between 1.8-2.2 were used in reverse transcription to synthesize cDNA using a reverse transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA). PCR reaction system was prepared using a PCR kit (Applied Biosystems; Thermo Fisher Scientific, Inc.): 10 µl of TaqMan 2 x Universal Master Mix II, 2 µl of each of the upstream and downstream primers, 2 µl of cDNA template and 4 µl of water. PCR reaction conditions: 95˚C for 5 min, followed by 40 cycles of 95˚C for 15 sec, 55˚C for 35 sec and 72˚C for 20 sec. Each experiment was performed 3 times with GAPDH as endogenous control. Sequences of primers used in PCR reactions are listed in Table I .
Western blotting. Lung tissues were mixed with protein lysate containing protease inhibitor and ground on ice. Collected lavage fluid was centrifuged at 2,500 x g using a cryogenic centrifuge for 5 min at 4˚C to remove the supernatant. Centrifugation was performed again to remove the supernatant. Then protein lysate containing protease inhibitor was added and incubated on ice. BCA kit (Thermo Fisher Scientific, Inc.) was used to measure protein concentration. After 10% SDS-PAGE gel electrophoresis (80-120 V) for 100 min, gel transfer to a PVDF membrane was performed.
The membranes were blocked with 5% skimmed milk for 1.5 h at room temperature. After washing with TBST, the membranes were incubated with primary antibodies (1:1,000; SAB Biotherapeutics, Inc., Sioux Falls, SD, USA) overnight at 4˚C. After washing with TBST, the membranes were further incubated with secondary antibody (1:2,000) at room temperature for 1 h. Finally, TBST (ProteinTech Group, Inc., Chicago, IL, USA) was added to develop signals. The relative expression of each protein was normalized to β-actin. Primary rabbit polyclonal FGF2 antibody (dilution: 1/1,000; cat. no. ab8880), rabbit polyclonal FGFR2 antibody (dilution: 1/1,000; cat. no. ab10648), rabbit polyclonal β-actin antibody (dilution: 1/1,000; cat. no. ab8227) and secondary goat anti-rabbit (HRP) IgG antibody (dilution: 1/2,000; cat. no. ab6721) were all purchased from Abcam (Cambridge, MA, USA). 
Genes
Forward Reverse Statistical analysis. SPSS 20.0 software package (IBM SPSS, Armonk, NY, USA) was used to process the collected data. Measured data were expressed as mean ± standard deviation and compared by t-test. Count data were expressed as % and compared by Chi-square test. Comparisons among multiple groups were performed using one-way ANOVA followed by post hoc test (Least Significant Difference). P<0.05 was considered to indicate a statistically significant difference.
Results
Comparison of clinical data among groups. No significant differences in sex, age, IBM, smoking history, alcoholism, exercise habits, place of residence, and marital status were found among groups (P>0.05) (Table II) .
Relative expression levels of FGF2 and FGFR2 in each group.
RT-qPCR and western blotting results showed that FGF2 mRNA and protein was highly expressed in cancer tissues of LC patients, and the expression levels were significantly higher than that in the adjacent tissues (P<0.05). In addition, FGFR2 mRNA and protein was highly expressed in cancer tissues of LC patients, and the expression levels were significantly higher than that in the adjacent tissues (P<0.05). Besides that, the expression levels of FGF2 and FGFR2 proteins were also significantly higher in IPF patients than in the normal patients (P<0.05) ( (Table IV) . 
LC patients -----------------------------------------------------------
Discussion
LC as the most common type of malignancy in clinical practice is also one of the leading causes of cancer-related deaths in both developed and developing countries. Studies have shown that the incidence of LC is increasing every year, and the incidence rate in urban areas is the highest (9) . Surgical resection is the most common treatment for LC patients, but is not acceptable for most patients. In clinical practice, chemotherapy and radiotherapy are mostly used. However, patients with long-term radiotherapy and chemotherapy will develop severe adverse reactions. IPF is a fibrosis-specific lesion, and the cause of IPF is unknown. The occurrence of IPF is related to age, sex, working environment, and smoking history (10). Hutchinson (11) retrospectively analyzed the prevalence of IPF in 21 countries, and it was found that the prevalence of IPF in the world is on the rise. With the growth of the aging population and aggregated air pollution, the incidence of IPF has been further increased. Studies have shown that the occurrence of IPF and LC share the same genetic mutations and abnormal activation of signal pathways (12) , suggesting a potential link between IPF and LC.
FGFR signaling pathway is composed of FGFs and FGFRs, which were expressed in all tissues of the human body and participate in a variety of physiological processes (13) . FGFs circulate through a variety of secretory pathways (autocrine, paracrine, and endocrine). FGFs bind to heparin sulfate proteoglycans to protect ligands and assist FGFRs in the activation of downstream signaling molecules (14) . FGFR2 receptor is a tyrosine kinase, and studies have shown that FGFR2 is closely related to tumor angiogenesis, tumor metastasis, cancer prognosis, and plays an important role in target gene therapy (15) .
In this study, the expression of FGF2 and FGFR2 in LC patients and IPF patients was detected at mRNA and protein levels. We found that FGF2 and FGFR2 expression was significantly upregulated in cancer tissues compared to the adjacent tissues in LC patients. Studies have shown that (16) FGF2 is highly expressed in various cancer tissues, Siegfried et al (17) found that FGF2 is also highly expressed in patients with non-small cell LC, which is consistent with the findings in our study. Correlation analysis between the expression of FGF2 and FGFR2 in cancer tissues of LC patients and patients' clinicopathological data showed that expression of FGF2 and FGFR2 in LC lung tissues was not significantly correlated with age, sex, histological types and smoking history, but was significantly positively correlated with lymph node metastasis and TNM stage (P<0.05). After the binding of FGFs to FGFRs, their receptors will dimerize and activate downstream pathways to promote cell proliferation, invasion, migration, and epithelialmesenchymal transition (18) . Therefore, we speculated that the high expression levels of FGFs and FGFRs were associated with tumor invasion. In this study, the expression levels of FGF2 and FGFR2 proteins in lavage fluid were also found to be significantly higher in IPF patients than in the normal patients.
Studies have shown that (19, 20) upregulation of FGF2 expression plays an important role in the development of chronic silica dust, silicosis and IPF, and FGF2 is directly involved in the development of lung damage after bleomycin-induced lung injury in mice. In addition, studies on bluntin-induced lung injury in mice showed that FGF2 is directly involved in cell proliferation and fibrosis formation in mice after lung injury. Therefore, we hypothesized that neovascularization in patients with IPF may be mediated by the FGF2/FGFR2 pathway. However, our study also has some limitations. The expression of FGF2 and FGFR2 in IPF patients was not detected at the mRNA level, and the downstream pathways were not investigated. All patients were from the local region, and regional differences were not excluded. We will try to detect FGF2 and FGFR2 mRNA in the peripheral blood of patients with IPF, increase the number of test items, and increase the sample size in our future studies to further validate our conclusions.
In conclusion, FGF2 and FGFR2 proteins were highly expressed in cancer tissues of LC patients and lavage fluid of patients with IPF. The expression of FGF2 mRNA and FGFR2 mRNA was correlated with lymph node metastasis and TNM stage. The high expression levels of FGF2 mRNA and FGFR2 mRNA were associated with tumor metastasis and poor prognosis of LC patients.
